Fifty-four Holstein and Jersey calves were assigned at 4 days of age within breed and sex to one of four treatments: control consisting of colostrum, milk replacer, and starter; buffered colostrum and replacer (.6% sodium bicarbonate) and starter (2% sodium bicarbonate); acidified colostrum (1% propionic), untreated replacer, and starter; and acidified, buffered colostrum (1% propionic, .6% sodium bicarbonate), buffered replacer (.6% sodium bicarbonate), and starter (2% sodium bicarbonate). The feeding regimen was colostrum once daily, day 4 to 14; milk replacer once daily, day 15 to 28; and calf starter ad libitum, day 4 to 84. Bull calves were fed for 42 days and heifers for 84 days. Calves fed acidified colostrum refused more feed and were less efficient from day 4 to 14 than calves fed buffered colostrum. Bulls were more sensitive to acidified colostrum than heifers. Starter intake, total dry matter intake, and average daily gains were similar for all calves during days 4 to 84. Rumen fluid from calves fed diets with sodium bicarbonate was higher in acetate and lower in propionate and lactate than that from calves fed diets without sodium bicarbonate. Sodium bicarbonate improved intake of acidified colostrum during the first 2 or 3 days of feeding but had no other effect on gain or feed intake.
INTRODUCTION
Milk and colostrum are two liquid feeds commonly fed to young calves. In current dairy practice, excess colostrum and nonsalable milk often are preserved for future feeding by fermentation or addition of acids. Otterby et al. (10) reported decreased acceptability of diet and depressed weight gain in calves fed colostrum acidified to pH 3.9, but responses improved when pH of colostrum was increased with sodium bicarbonate (NaHCOa). Foley et al. (7) observed that serum gammaglobulin and IgG concentrations of neonatal calves fed buffered colostrum were higher than those of calves fed fermented colostrum. In addition, Bullen et al. (3) reported that bovine colostrum with NaHCO3 had increased bacteriostatic activity. Kellaway et al. (8) and Emerick (5) reported NaHCO3 may improve performance of calves fed high concentrate diets pre-and postweaning. In contrast, Wheeler et al. (12) observed no improvement in feed intake, weight gain, rumen fluid pH, or fecal starch of calves fed pelleted diets containing 35% forage and NaHCO3 compared to calves fed rations without NaHCO3. However, feed efficiency was reduced, ratio of acetate-propionate increased, water intake increased, and more free-gas bloat occurred in animals fed NaHCO3.
The objective of this research was to study effects of NaHCO3 additions to liquid andstarter feeds on growth and health of calves.
EXPERIMENTAL PROCEDURE
During fall, 1979, and winter, 1980, colostrum was collected from several cows for six milkings immediately postpartum and frozen until approximately 115 kg were available. The frozen colostrum was thawed, pooled, mixed, and divided into four portions. One portion was used as control colostrum (diet 1). A second (diet 2) was treated with NaHCO3 (.6% wt/wt). The third (diet 3) was acidified with propionic acid (1.0% wt/wt). For diet 4 colostrum was first acidified with propionic acid (1.0% wt/wt), then buffered to approximately pH 6.0 with NaHCO3 (.6% wt/wt). After treatment, the colostrum was placed in 3.8-liter plastic con-tainers and stored at -20°C. The process of treating raw colostrum was repeated as necessary to meet feed requirements of calves on trial.
Forty-two Holstein and 12 Jersey calves were assigned randomly at birth to one of four dietary treatments (Table 1 ) in a randomized block design with blocks being sex and breed. All calves were fed dam's colostrum for 3 days. At day 4, calves were weighed and fed experimental colostrum once daily until day 14. Calf starter (2% NaHCO3 was included in starters of calves fed diets 2 and 4) was available ad libitum from day 4 throughout the experimental period. Prior to feeding, colostrum was thawed and mixed with warm water so that total liquid offered was 8.5% of day-4 body weight whereas actual colostrum offered was 6% of body weight. Liquid feeds were offered at 1500 h. From day 15 to 28 milk replacer was fed to maintain a solids intake equal to that offered during colostrum feeding. The milk replacer was a commercial product containing 20% or more protein from milk sources. Sodium bicarbonate was added at .6% wt/wt to reconstituted replacer for calves fed diets 2 and 4. Calves were weaned at day 28. Water was available free-choice throughout the trial. Bulls were fed for 42 days and then sold, but heifers were fed for 84 days. The calf starter contained 41.7% shelled corn, 22.9% oats, 20.9% soybean meal, 8.3% wheat bran, 4.2% dried molasses, .8% trace mineral salt, .4% ground limestone, .4% dicalcium phosphate, and .4% vitamin premix. Calves were kept in individual pens bedded with wood-shavings in an artificially lighted and ventilated calf barn. All calves were treated at birth with an oral bovine rota-coronavirus vaccine. ~
Daily observations were on health with number and type of medications administered recorded. Feces were scored (1 to 4) for scours (4 = severe diarrhea). Body weights were taken on days 4, 14, 28, 42 (all calves), and 84 (heifers only). Each portion of colostrum was analyzed for protein, fat, and total solids (1). Protein, dry matter (DM), and acid detergent fiber (1) were determined on the calf starter. Mineral contents of colostrum, milk replacer, and starter were analyzed by emmision spec-~Norden (Smith Kline), Lincoln, NE 68501. 
RESULTS AND DISCUSSION

Composition of Diets
The percent crude protein, fat, and total solids of the pooled colostrum before treatment were 5.64 -+ .69, 4.29 -+ 1.00, and 15.76 + .66 (mean +-standard deviation). Table 2 shows the mineral content of the colostrum, milk replacer, and calf starter. Sodium of the buffered colostrum, milk replacer, and starter was 1845 ppm, 2404 ppm, and 20713 ppm and within range to elicit normal calf growth and feed intake (8, 10) . The concentration for the starter with NaHCO3 was high and may have been a consequence of sampling or contamination. Percentages of dry matter, crude protein, and acid detergent fiber for the calf starter were 92.9 + 1.9, 15.7 + .8, and 8.19 + .51 (mean + standard deviation).
Performance of Calves
Health of calves was good throughout the course of the trial with few differences among treatments.
Illness was primarily diarrhea, and average scour scores of calves during days 4 to 28 were lower than 3, indicating few problems (Table 3) . One calf fed diet 4 died of unknown causes at day 20. In contrast to the study of Wheeler et al. (12) , no bloat was observed even though no forage was included in the diet.
Calves fed the acid-treated colostrum (diet 3) had higher total colostrum refusals (Table 4) from day 4 to 14 than calves fed diets 2 or 4 (P<.05). Bulls fed diet 3 refused 7.4 kg colostrum/calf compared to 2.6 kg/calf refused by bulls fed diet 4. Bulls also tended to have higher and more variable refusals and were more sensitive to acid than heifers (Table 4 ). We were unable to find other research reporting these differences. Almost all colostrum refusals occurred during the first 2 to 3 days of feeding. After 3 days, refusals essentially were zero unless the calf was ill. This confirms (10) indicating improved acceptability of extremely acid colostrum (ca. pH 4.0). As expected, DM intakes from liquids ( Table 5 ) during day 4 to 14 were less (P<.05) for calves fed diet 3 than for calves fed diets 1, 2, or 4. Calves consumed all milk replacer offered unless they were ill. Thus, differences in DM intake from liquids during day 15 to 28 reflect differences in feed allocation. Table 5 shows that differences in DM intakes from liquids were compensated partially by starter DM consumption during day 4 to 14 and 15 to 28 of the feeding periods.
Starter DM intakes were similar (P = .10) among treatments. After weaning (day 29 to 84), consumption of starter with or without NaHCO3 was similar for all calves. Four-to 14-day-old calves fed diet 2 gained .29 kg/day and did not differ from gains (.11 kg/day) of calves fed diets 3 and 4 ( Table  4 ). Average daily gains (ADG) were similar among treatments during all feeding periods. Wheeler et al. (12) also found no differences in ADG when calves were fed rations with or without NaHCO3, but others (5, 8) have observed differences. Table 4 shows bulls fed diet 3 from day 4 to 14 did not gain because of lower feed intake, a consequence of decreased acceptability of the acidified colostrum. Heifers gained more than bulls during this period. Heifers fed diet 2 gained more (P<.05) per day aDiets consisted of colostrum and starter (4 to 14 days), milk replacer and starter (15 to 28 days), and starter only (29 to 84 days). bDiet 1 = control; 2 = .6% NaHCO~ in colostrum, 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = acidified colostrum with NaHCO 3 added (.6% wt/wt), 2% NaHCO 3 in starter. cSE for n = 13. SE for n = 14 is (SF n = 13) (13/14).
d'eLeast square means in the same row with different lower case superscripts differ (P<.10). However, if one calf with persistent scours during this period was deleted, treatments did not differ at (P<.10).
fScour score ranged 1-4 (1 = dry feces, 2 = moderately moist feces, 3 = very wet feces, and 4 = liquid feces). gData from 43 to 84 days for heifers only.
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From day 4 to 14, calves fed diet 2 were more than three times as efficient (Table 6 ) as calves fed diet 3 (.52 kg gain/kg feed vs..16 kg/kg). However, 15-to 28-day-old calves fed diet 2 were the least efficient (.39 kg gain/kg feed), whereas calves fed diet 4 were the most efficient (.59 kg gain/kg feed). There was no breed effect. Intakes and gains fluctuated from day 4 to 28 and may have caused inconsistent feed efficiencies. Differences in feed efficiencies early in life probably mean little because ADG and feed efficiencies from day 29 to 84 were similar for all treatments. Table 7 shows that rumen fluid from 84-dayold heifers fed NaHCO3 (diets 2 and 4) was higher (P<.05) in molar percent acetate and lower (P<.05) in molar percent propionate than rumen fluid from heifers fed diets 1 and 3. Contents for butyrate, isobutyrate, valerate, isovalerate, and total VFA were similar for all calves. Other researchers (2, 9, 12) reported similar changes in VFA profile when buffers were added to high concentrate rations. The lactic acid concentration of rumen fluid from heifers fed diets without NaHCO3 (.20/~moles/ ml) was higher (P<.07) than heifers fed diets containing NaHCO3 (.09 /zmoles/ml) and possibly related to concurrent changes in amount of propionate ( Table 7 ). The average pH of rumen fluid from heifers fed diets without NaHCO3 (6.43) and diets with NaHCO3 (6.50) did not differ. Two percent sodium bicarbonate in the starter did not elevate rumen pH as in (2) . Differences in ration composition and maturity of calves probably accounted for the varied results between studies. Considering that NaHCO3 did not affect rumen fluid pH, feed intakes, or health from day 29 to 84, it is not surprising that calf performance was similar for all treatments ( Table 4 ).
Rumen Fluid Characteristics
The results of this experiment indicate that NaHCO3 was effective in improving intake of acidified colostrum early in the feeding period. Sodium bicarbonate had no effect on calf health and performance when added to starter aDiets were colostrum and starter (4 to 14 days), milk replacer and starter (15 to 28 days), and starter only (29 to 84 days). bDiet 1 = control; 2 = .6% NaHCO 3 in colostrum; 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = acidified colostrum with NaHCO 3 added (.6% wt/wt), 2% NaHCO 3 in starter. cSE given for n = 13. SE for n = 14 is (SE n = 13) (13/14). dData from 43 to 84 days for heifers only. aDiets were colostrum and starter (4 to 14 days), milk replacer and starter (15 to 28 days), and starter only (29 to 84 days). bDiet 1 = control;2 = .6% NaHCO 3 in colostrum; 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = acidified colostrum with NaHCO 3 added (.6% wt/wt), 2% NaHCO 3 in starter. cSE given for n = 13. SE for n = 14 is (SE n = 13) (13/14).
d'eLeast square means in rows with different lower case superscripts differ (P<.05).
fData from 43 to 84 days for heifers only. bDiets without NaHCO 3 were control and acid rations.
C'dLeast square means in rows with different lower case superscripts differ (P<.05). and fed throughout the entire 84 days of the experiment.
